INTRODUCTION
Matrix metalloproteinases (MMPs) are calcium-and zinc-dependent proteases that are believed to be responsible for the degradation of the extracellular matrix of tissues (NAGASE et al., 2006) . Within the family of human MMPs, the matrix metalloproteinase 2 (MMP-2) (gelatinase A, 72 kDa) and matrix metalloproteinase 9 (MMP-9) (gelatinase B, 92 kDa) cleave, among other components, type IV collagen and gelatin, which are the main structural components of the basal membrane (REIS et al., 2012) . With the exception of membrane-type MMPs, these enzymes are secreted as latent pro-enzymes and are usually regulated by endogenous tissue inhibitors of the matrix metalloproteinase (TIMPs) (WALTER et al., 2005) . MMPs are present mainly in tissues with high metabolic activity, where they play a vital role in many physiological and pathological processes, including embryogenesis, tissue remodelling, angiogenesis, wound healing, and metastasis (MOTT; WERB, 2004) .
Several studies have demonstrated the prognostic influence of MMPs in human cancers due to the association of higher expression levels of these proteins with increased tumour aggressiveness. However, this aggressiveness may be associated with a lower activity of TIMPs in the tissues (CHAUDHARY et al., 2010) . Therefore, the inhibition of the proliferation and invasion mediated by gelatinases by extracts of plants may be the key to the prevention of the metastasis of neoplastic cells (LONGATTI et al., 2011) . The genus Bauhinia is popularly known in Brazil as "Pata-de-Vaca" and is widely used in traditional medicine as antidiabetic and antioxidant agents (FERNANDES et al., 2012) . In India, flower buds, flowers, stems, stem barks, leaves, seeds, and roots of the several species of this genus are used as antidiabetic agents and for the treatment of other diseases (e.g., as antipyretic, astringent, tonic, antileprotic, and antitumour agents and for skin wound healing) in the Ayurvedic system of medicine (BODAKHE; RAM, 2007) . The bark has also been documented for the cure of dysmenorrhea, menorrhagia, tuberculosis, and asthma and possesses hepatoprotective, anthelmintic, and antidiabetic activities (BODAKHE; RAM, 2007) .
Although several studies have shown the properties of extracts of Bauhinia, the groups of compounds that are responsible for these properties have not been elucidated (FERNANDES et al., 2012) . The objective of the present study was to 
MATERIAL AND METHODS

Chemicals
All of the solvents and reagents were purchased from Sigma-Aldrich (USA).
Plant materials
Samples of the stem of the Bauhinia ungulata L. (BU) species were collected in May 2011 from a tree localized in Jovelino Rabelo street in Divinópolis (-20° 8' 46 .07", -44° 53' 1.86"), Minas Gerais, Brazil. The plant was identified (Teacher Doctor Guilherme Araújo Lacerda, CRBio 44480/04-D) and deposited in the Herbarium of the Department of Botany, Federal University of Minas Gerais, under the following code: BHCB161588. Powdered stem from BU (100 g) was extracted by maceration in 500 mL of 70% hydroalcoholic solution for seven days to obtain the Crude Extract (CE), which was filtered and then lyophilized (Liobras ® equipment, model K 105). The CE was dissolved in ethanol/water (7:3) and successively extracted with hexane (C 6 H 14 ), chloroform (CHCl 3 ), and ethyl acetate (C 4 H 8 O 2 ) to yield the following partitions: hydroalcoholic (A), hexane (B), chloroform (C), and ethyl acetate (D), respectively. The partitions were also lyophilized. The CE and the lyophilized partitions were subjected to zymographic analyses, and the extracts with the best results were subjected to column chromatography (silica gel 60) using solvents with increasing polarity (hexane, chloroform, ethyl acetate, methanol, and water). Through constant dripping, the fractions were collected in vials with a final volume of 50 mL. All of the fractions were monitored by thin layer chromatography (TLC) and grouped according to their phytochemical profiles.
Phytochemical study
Phytochemical tests to detect the presence of secondary metabolites were performed according to Matos (1988) and Wagner and Bladt (2001) and following the methodologies described by Longatti et al. (2011) , Barbosa et al. (2008) , Silva (2008) , and Sena Filho et al. (2006) . These tests were based on visual observations of colour modifications and/or precipitate formation after the addition of specific reagents.
Zymography
The proteolytic activity of MMP-2 and MMP-9 was measured by gelatin zymography following a method adapted from that described by Ribeiro et al. (2010) . In all of the tests, 5 µL of each extract (0.09 g/mL in DMSO) was added to a well of a gel containing 1.5 µL of MMP-2 and MMP-9 (Sigma-Aldrich Chemie, M9445 and M8945, respectively, at a concentration of 1800 ng/mL in buffer SDS 2.5 g% and saccharose 1 g%). The same quantity of MMPs was used as the standard, and this represented 100% of the active enzymes. Electrophoresis (BioRad Protean II) was conducted under reducing conditions (0.025 M TRIS, 0.192 M glycine, and 0.1% SDS, pH 8.5) at a constant voltage of 70 V for 4 h at 4°C. After electrophoresis, the gels were washed for 1 h with Triton X-100 (2.5 g%) to remove SDS and then submerged under stirring conditions in activation buffer (0.05 M TRIS-HCl and 0.6 g% CaCl 2 , pH 8.0) for 16 h at room temperature. The gels were stained (0.25% Coomassie blue R-250, 45% methanol, and 10% acetic acid) for 1 h and destained (30% ethanol and 10% acetic acid) for 1 h.
Digital images of the gels were obtained using the Lpix Image 
Statistical analyses
All of the zymograms were performed in duplicate, and the statistical analysis was based on Student's t test with p < 0.05.
RESULTS AND DISCUSSION
The phytochemical study (Table 1) A (hydroalcoholic partition), B (hexane partition), C (chloroform partition), D (ethyl acetate partition), FR1, FR2, FR6, FR7, FR8, FR12, FR13, FR14, and FR16 (chromatographic column fractions obtained from partition D). "-" (absence); "+", "++", and "+++" (colour or precipitate is more intense compared to that of the other samples).
In a previous study, we found that the crude hydroethanolic extracts from all parts of BU showed inhibition of MMP-2 and MMP-9, and the crude extract of the stem showed the best inhibition results (81.02% and 88.27%, respectively). The lyophilization of the CE of the stems resulted in a yield of 3.0187 g.
The zymographic analysis of the partitions of the stems of BU revealed that partition D caused a higher inhibition of MMP-2 and MMP-9 ( Figure  1 ). The hydroalcoholic partition (A) also showed a significant inhibitory effect, and its fractionation will be analysed in future studies.
The column chromatography of partition D resulted in the collection of 74 fractions, and the phytochemical studies grouped these into 16 fractions. The analysis of their zymograms revealed that a higher inhibition of MMPs was obtained by fractions FR1, FR2, FR6, FR7, FR8, FR12, FR13, FR14, and FR16 (Figure 2) .
It is known that neoplastic diseases are characterized by an imbalance between MMPs and their regulators that leads to an excess of degradative activity, which is assumed to be linked to the invasive character of tumour cells (WALLARD et al., 2006) . The expression of MMP-9 and MMP-2 has been implicated in the development and progression of many neoplasms, such as prostate, colorectal, and lung cancer (REIS et al., 2012) . Mantena et al. (2005) showed that green tea polyphenols are promising as anticarcinogenic agents because these compounds prevent the development of solar UV radiationinduced skin cancer and reduce the expression of MMP-9 and MMP-2. The inhibition caused by fractions FR6 (99.98% of MMP-9), FR7 (100% of 587 Inhibition of gelatinase… SANTOS, K. M. et al MMP-2 and MMP-9), FR12, FR13, and FR14 (92%, 99%, and 97% of MMP-2, respectively) is sufficient for these fractions to be further analysed in tumour proliferation inhibition studies. The high number of extracts that exhibited inhibitory activity against MMPs, even after chromatographic fractionation, and the differences between the inhibition of MMP-2 and MMP-9 showed by some extracts suggest that several biomolecules may be responsible for the inhibition of these proteases.
The phytochemical study of these fractions revealed the significant presence of flavonoids and alkaloids, as in partition D. However, although they exhibited inhibitory activity against MMPs, some of the fractions did not reveal the presence of tannins and coumarins, which suggests that these secondary compounds are not responsible for the inhibition of the proteases studied.
In conclusion, extract D showed high and satisfactory inhibition of the gelatinolytic activity of MMPs, indicating that it has the potential to be used in further studies for the recognition of active biomolecules. According to the results of the phytochemical studies of the fractions, the inhibition of the gelatinolytic activity of MMPs is due to a group of flavonoids and/or alkaloids. Future research, both in vitro and in vivo, will be conducted on the partitions of ethyl acetate from the stem of Bauhinia ungulata to isolate and identify compounds or molecules responsible for the properties demonstrated in the present study.
RESUMO:
A metástase é a responsável pela maioria das mortes relacionadas ao câncer. Tanto a invasão tumoral quanto a metástase resultam de processos que incluem a degradação proteolítica da matriz extracelular adjacente ao tumor. As metaloproteinases de matriz (MMPs), especialmente as MMP-2 e MMP-9, têm influência direta no prognóstico dos diversos tipos de câncer humano, pois clivam os principais componentes estruturais da membrana basal. Estas ações fazem das MMPs alvos atraentes para estudos envolvendo câncer e metástase. Este trabalho teve como objetivo avaliar o potencial inibidor dos extratos de Bauhinia ungulata L. (BU) sobre a atividade gelatinolítica das MMP-2 e 9 e reconhecer o grupo de compostos secundários responsáveis por esta propriedade. Análises por zimograma do ramo de BU revelaram que a partição de acetato de etila (D) causou maior inibição de MMP-2 e MMP-9. O estudo fitoquímico de D mostrou a presença de esteróides, taninos e cumarinas e a presença significativa de alcaloides e flavonoides. As frações da coluna cromatográfica da partição D e seus estudos fitoquímicos revelaram uma grande presença de flavonoides e alcaloides nas frações que apresentaram maior inibição da atividade gelatinolítica de MMPs. Em conclusão, estes resultados sugerem que frações do ramo de BU têm o potencial inibidor de MMP-2 e MMP-9 e devem ser utilizadas em estudos envolvendo o reconhecimento de biomoléculas ativas.
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